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Abstract


Ethanol is a key product in the conversion of sugars and starches to liquid fuel and chemical feedstock. Ethanol production in India is exclusively through traditional fermentation of sugarcane molasses, a by-product of the sugar industry. Essential requirements for the development of more cost effective processes in such a route of molasses utilization are enhanced productivity and high conversion efficiencies at an adequately high product concentration. Pre-requisites for such improvements are the availability of microbial strains suitable for the fermentation of molasses sugars having ethanoland osmo-tolerances and high substrate transformation rates in continuous fermentation systems which operate at high cell concentrations. With these objectives in view, studies were carried out to: (a) Characterize substrate- and ethanol- tolerant yeasts from among available strains and isolates ; (b) Develop novel open-pore matrices for the entrapment of yeast cells so as to minimise diffusional restrictions; and (c) Establish the usefulness of the immobilized yeast systems for the long term continuous fermentation of cane molasses to ethanol at conversion efficiencies of about 95% and volumetric productivities of about 15 gl-1h-1 at about 6% w/v ethanol concentration. The original findings which contribute to new knowledge in this field are embodied in the present thesis. The thesis is set out in four parts. 
PART I: GENERAL INTRODUCTION This part comprises a literature survey, mainly of ethanol production by biotechnology; the general methods used for the immobilization of microbial whole cells and an account of such systems used hitherto for the production of ethanol from fermentable sugars. 
PART II: YEAST STRAIN SELECTION FOR ETHANOLIC FERMENTATION Characterization of substrate- and ethanol-tolerant Saccharomyces cerevisiae isolate, designated as Y-10 and comparison with standard brewing strains such as Saccharomyces uvarum ATCC 26602 and other isolates in batch mode fermentation with free cells. Levels and behaviour of 3 key enzymes involved in ethanolic fermentation of molasses, namely; invertase (EC 3.2.1.26), alcohol dehydrogenase(EC 1.1.1.1) and pyruvate decarboxylase(EC4.1.1.1) in the ethanol-tolerant yeast are compared with those of the corresponding enzymes in the standard strain. Specific ethanol productivities of the ethanol tolerant isolate S.cerevisiae Y-10 at high molasses concentrations have been shown to be markedly higher than those of the S. uvarum. Alcohol dehydrogenase activity is 40% to 100% higher in the isolate than in the S. uvarum. The alcohol dehydrogenase isozyme in the isolate also differs electrophoretically from that of the standard strain. In the case of invertase and pyruvate decarboxylase activities no marked differences are observed between the strains. 
PART III: MATRICES FOR YEAST CELL ENTRAPMENT Several novel open-pore gel matrices are described for the immobilization of yeast cells. Gelatin. Open-pore gelatin pellets with entrapped yeast cells are obtained by selective leaching out of calcium alginate from a composite matrix obtained by dropping a suspension of the cells in a solution containing gelatin and sodium alginate into an aqueous solution of calcium chloride followed by crosslinking with glutaraldehyde. S. uvarum immobilized in the porous carrier shows maximum ethanol productivity of about 67 gl- 1 h- 1 on total reactor volume basis when monitored in packed bed reactors at 35?C with continuous cane molasses feed containing 10% fermentable sugars. Immobilization and conversion conditions have been standardized. Agar. The use of open pore gelatin as a carrier for the entrapment of yeast cells has posed problems of bead erosion from the interior when used over prolonged periods of 2 - 3 months in the continuous fermentation of cane molasses to ethanol. Agar, a more stable matrix, has therefore been substituted for gelatin and a procedure is described for obtaining open-pore agar beads with entrapped yeast cells. The porous agar matrix, unlike unprocessed agar, has been shown to be suitable for use in reactions that involve cell growth and gas formation. Beads of the porous agar with entrapped yeast cells have been used for the continuous fermentation of sugarcane molasses to ethanol without apparent bead rupture even after prolonged periods of about three months of continuous use. SeaPlaque agarose. The high temperatures of about 45?C required for melting standard agar gels can cause yeast cell inactivation. A commercially available low gelling temperature agarose, namely SeaPlaque agarose, has therefore been used in place of agar and the system has been applied for continuous ethanol fermentation. The ethanol productivities of these and other open pore matrix immobilized yeast cell systems have been monitored in packed-bed reactors. The performances of the reactors are consistent over a period of about 4 to 5 weeks after which a gradual loss in activity is observed on further extended use in the case of all the matrices that have been investigated. 
PART IV: EFFECT OF FEED STOCK CONSTITUENTS Studies on the possible cause (or causes) for the lowered conversion efficiencies in prolonged continuous conversion have been investigated using the usual calcium alginate immobilized standard strain of S.uvarum. Controlled aeration and co-immobilization of ergosterol have been shown to be without effect in prolonging the period of consistent reactor performance. Both sucrose and deionized molasses feedstocks when supplemented with requisite amount of yeast extract or cornsteep liquor caused no observable decrease in conversion efficiencies and volumetric productivities over a period of 3 months through which the continuous conversions were carried. Supplementation of cane molasses with adequate amount of yeast extract showed no enhancement in the period of full conversion and reactors performed consistently only upto about 30 days of continuous operation. Supplementation of the sucrose-yeast extract medium with KC1, NaCl, and CaCl2 levels simulating those present in cane molasses caused no adverse effect on reactor performances indicating that constituents of cane molasses other than these are inhibitory. 
  	 













